Some scholars of nonverbal behavior contend that arm-crossing indicates a defensive orientation to the social environment, but relevant evidence is sparse. Three studies (N = 242) sought to investigate whether there is truth to this idea. Consistent with it, Study 1 found that people reporting higher arm-crossing frequencies scored higher in interpersonal submissiveness and were more inhibited in their social decision-making. To investigate causal processes, Studies 2 and 3 manipulated arm-crossing using a hypothesis-disguising cover story. Study 2 found that arm-crossing activated thoughts of the self's submissiveness and social vulnerability. Study 3 focused on activated strategies for handling potential interpersonal violence. Participants in an arm-crossing condition, relative to a control condition, indicated that they would be more inclined to escape and less likely to attack. The studies converge on the idea that arm-crossing can signify and cause a defensive social orientation. his functional analysis of bared teeth proposed that this expression reflects a hostile disposition with a possible intent to aggress (e.g., by biting). Darwin's (1872) ideas have been influential to the emotions literature, which has sought to establish a correspondence between internal feeling states and their potential outward manifestations (Hess & Thibault, 2009 ). The vast majority of this work has concentrated on the face, which has an exquisite musculature and is often the focus of attention as people interact with each other (Rosenthal & DePaulo, 1979) . A number of stateexpression correspondences have been reasonably well established. As examples, smiles are more likely when people view their circumstances as pleasant and eyebrow furrows are more likely when goal obstacles are perceived (Smith & Scott, 1997) .
can be configured in a variety of ways, some of which may signal psychological meaning. There are difficulties here, however. There are many positions that the body can take, a large number of them may have no particular meaning, and there is no overarching theoretical framework to guide the intrepid "body language" researcher (Dael, Mortillaro, & Scherer, 2012) . Under such circumstances, one could measure a number of bodily movements and see which can be mapped to underlying states or, alternatively, could focus on one particular gesture and its likely meaning. We adopt the latter strategy for the behavior of arm-crossing.
Intuitively, arm-crossing signifies something about the state of the individual. Also intuitively, that something would seem to be about establishing a barrier between the self and the external world. The arms, in manifest terms, are blocking a direct approach to the chest area (Lewis, 2000) . This barrier analysis seems generative, but a barrier could be enacted for several reasons. A person might enact a barrier as a signal of superiority, as suggested in studies of inferred pride (Tracy & Robins, 2007) . Pictured targets crossing their arms were seen to be higher in pride than pictured targets with arms at their sides, though inferred pride was stronger for some other expressions such as raised arms. We think that these findings are consistent with the idea that arm-crossing implicates a barrier between the self and others, here in favor of the superiority of a target. However, the impressions that people have of posed expressions could be very different than what expressions do to the self (Hall, Coats, & LeBeau, 2005) . The present research pursues the latter sort of question.
People may also use their arms as a barrier because they wish to discourage others from interrupting task-focused efforts. Spiegel and Machotka (1974) suggested such a meaning when they stated that arm-crossing is linked to an "unyielding attitude" and Friedman and Elliot (2008) offered relevant empirical results. In the Friedman and Elliot (2008) studies, a manipulation of Arm-Crossing 5 arm-crossing led participants to work harder on a non-social intellectual task. Even so, the authors suggested that arm-crossing is likely to have different proprioceptive meanings in different (e.g., social versus non-social) contexts, a sentiment that we agree with (Tamir, Robinson, Clore, Martin, & Whitaker, 2004) . The focus of the present studies was on what armcrossing does to the social self, not the intellectual self.
A primary function of barriers is protection and this meaning seems likely when people cross their arms in social contexts (Argyle, 1988; Fast, 1970; Lewis, 2000) . Consistent with this idea, Baxter and Rozelle (1975) found that people crossed their arms for a greater proportion of time when uncomfortably crowded and Gifford (1994) found that wrapped arms were more commonly observed among introverts than extraverts. Additionally, restrictions of the arms (and legs) are thought to occur among people and animals with less social power and therefore greater vulnerability (Carney, Cuddy, & Yap, 2010; de Waal, 1998; Tiedens & Fragale, 2003) . There is meta-analytic evidence in favor of this idea in the context of greater postural restriction (e.g., legs together, arms wrapped, elbows close to body, making the body look smaller) among less powerful individuals . Postural restriction encompasses a wide variety of bodily actions, however (Carney et al., 2010; Hall et al., 2005) . Because this is true, it is uncertain whether arm-crossing -as a specific social cue -is associated with wariness of the social environment, as suggested by Argyle (1988) . We sought to determine whether this is the case in one correlational study and two experimental studies. The premise for experimental studies is that nonverbal behaviors (e.g., smiling) not only reflect one's psychological state (e.g., enjoyment), but can actually cause that psychological state (Riskind & Gotay, 1982; Strack et al., 1988; Wells & Petty, 1980) . In the Arm-Crossing 6 present case, that is, it is possible that the simple act of crossing one's arms can make one more socially inhibited and wary than might otherwise be the case.
The research studies were comprehensive in two ways. First, Study 1 adopted an individual difference approach and Studies 2 and 3 adopted an experimental approach. Second, we administered a diverse set of outcomes to converge on the idea that arm-crossing has a selfprotective social function. Studies 1 and 2 focused on submissiveness because submissiveness and social self-protection are closely linked (de Waal, 1998; Tiedens & Fragale, 2003) . In addition, we included a scenario-based measure of social inhibition in Study 1, a measure of social avoidance in Study 2, and a measure of escape-proneness in Study 3. In total, we followed the lead of Argyle (1988) and Lewis (2000) in hypothesizing that arm-crossing would be associated with greater submissiveness, inhibition, avoidance, and proneness to escape.
Study 1
In Study 1, we asked people how often they tend to cross their arms as an individual difference predictor. If arm-crossing serves a self-protective social function, then people who cross their arms more frequently should score higher in interpersonal submissiveness (de Waal, 1998) . We investigated this hypothesis by administering a scale of dominance-submission as well as a scenario-based measure of socially inhibited decision making.
Method

Participants and Procedures
We recruited a sample of 124 (66 female) undergraduate participants from a mediumsized university in the Midwest who received course credit. They signed up for the study through a SONA registration system and arrived to the laboratory in groups of 6 or less. They completed the study in private cubicles on personal computers equipped with MediaLab software. We did Arm-Crossing 7 not collect age or ethnicity information, but the participant pool tends to be ~20 years old and 90% Caucasian. The studies were run for a pre-determined period of time, one that had typically produced sample sizes in the neighborhood of 80-100 in previous studies in the lab. No participants or conditions were dropped, either from Study 1 or from the remaining studies.
1
Individual Differences in Arm-Crossing Frequency
Participants were asked "to what extent do you often cross your arms?" and "when your hands are free, do you find yourself crossing your arms?" Participants answered both questions using a 7-point scale (1 = not very much; 7 = very much) and we averaged responses to the two questions to quantify arm-crossing frequency (M = 4.38; SD = 1.78; alpha = .74). The questions came at the end of the survey to avoid revealing our interest in nonverbal predictors of behavior.
Inhibited Social Decision-Making
In daily life, people often encounter situations in which they might choose to inhibit voicing their opinions due to social risk. We created an 8-item scenario-based measure of this type of inhibited social decision-making. One item read: "A man and a woman are talking in front of you at a movie. You ask them to be quiet but they do not listen". For this scenario, participants were asked whether they would "speak louder and demand silence" or "attempt to ignore them and hope they will stop". The other items encompassed similar decisions but in other social contexts (e.g., in class or at a party). To quantify inhibited decision-making, we coded uninhibited responses (e.g., disagreeing with one's boss) as 1, inhibited responses as 2, and then averaged across the scenarios (M = 1.54; SD = 0.25; alpha = .62).
2
Submissive Interpersonal Behavior
People vary considerably in whether they are dominant versus submissive in their interpersonal behavior and these differences are a fundamental part of the interpersonal Arm-Crossing 8 circumplex model of personality (Wiggins & Trapnell, 1996) . Wiggins (1979) developed an adjective scale to assess dominance-submission and Wiggins, Trapnell, and Phillips (1988) subsequently refined it in the form of the revised Interpersonal Adjective Scale (IAS-R), which has good evidence for its reliability and validity (Wiggins & Trapnell, 1996) . Accordingly, we asked participants to indicate how well the 16 dominance-submission IAS-R markers (e.g., "timid", "shy") described them (1 = extremely inaccurate; 6 = extremely accurate) and then computed an average after reversing the dominance items (M = 3.82; SD = 0.76; alpha = .90).
Results and Discussion
We hypothesized that a greater frequency of arm-crossing would be linked to inhibited social decision-making and submissiveness. We performed two simple regressions to examine these predictions. Consistent with expectations, arm-crossing frequency was a positive predictor of inhibited social decision-making, t (122) = 2.31, p = .02, Beta = .21, and it was a positive predictor of circumplex-assessed submissiveness, t (122) = 2.02, p = .046, Beta = .18. Armcrossing frequencies, on the other hand, did not vary by participant sex (with females scored higher), r (122) = .01, p = .91. Furthermore, sex did not interact with arm-crossing frequency in two multiple regressions, one for each outcome, |t|s < .25, ps > .80, and main effects for armcrossing were observed in both of these secondary analyses, ps < .05. Altogether, the Study 1 findings provide initial evidence for the socially inhibited, submissive nature of arm-crossing.
Study 2
The findings of Study 1 are important in revealing the correlates of spontaneous, unprompted arm-crossing, a behavior more typical of submissive than dominant people.
Nonetheless, an experimental approach would permit firmer causal conclusions. In adopting this experimental approach, we randomly assigned participants to cross their arms or not during an Arm-Crossing 9 early portion of the study and then assessed two submission-related outcomes. We retained the circumplex-based measure of Study 1 and also included another measure to assess thoughts and feelings consistent with having an avoidant personality.
Method
Participants and General Procedures
Sixty-one (31 female) undergraduates at the same medium-sized university as Study 1 received course credit for their participation. They signed up for the study using SONA software and completed the measures on personal computers. Assessment procedures were identical to Study 1, including the use of MediaLab software to collect the data.
Manipulation
At the beginning of the study, we stated that we were interested in the effects of answering questions when using dominant or non-dominant hands. We further stated that participants were in the dominant hand condition and therefore needed to occupy their nondominant hands for a period of time. At this point, we randomly assigned participants in a given session to a cross-arms condition or to a control condition. In the cross-arms condition, the experimenter modeled arm-crossing, which initially consisted of crossing both arms about the chest and then keeping the non-dominant arm across the chest while answering questions with the dominant hand. In this condition, the experimenter also modeled returning the dominant hand to a fully arm-crossed position in between making filler task responses (see next paragraph).
Thus, participants in the experimental condition had repeated experiences of crossing their arms during the task and always had at least one arm across the chest. In the control condition, the experimenter modeled a different behavior consisting of resting the non-dominant hand on the seat of the chair to the non-dominant side of the body. The dominant hand was also placed on the Arm-Crossing 10 chair in between making filler task responses. The conditions were comparable aside from the specific bodily behaviors that were enacted.
People find the dominant/non-dominant hand cover story persuasive (Fetterman & Robinson, 2013) . In addition, we also instituted three other procedures to ensure the implicit nature of the manipulation. The experimenter did not ask people to cross their arms but rather modeled the behavior nonverbally. Sessions rather than participants were randomly assigned so that participants could not be aware of the alternative body posture manipulated. Finally, we separated the manipulation from the assessment of the dependent measures by describing these consecutive tasks as two separate studies (Bargh & Chartrand, 2000) . To support this idea, we had participants answer non-focal questions for 5 minutes while adopting one of the two body postures. Subsequently, they could use both hands in answering questions for the "second" study, which consisted of a separate MediaLab program with the dependent measures.
Submissive Interpersonal Self-Concept
Participants reported on how dominant versus submissive they are in their interpersonal behaviors, using the same 16 markers (Wiggins et al., 1988) used in Study 1 and again scored in a submissive direction (M = 3.49; SD = 0.71; alpha = .89). Given that participants were randomly assigned to condition, effects on this measure should be viewed in terms of an activated selfconcept of submissiveness rather than personality differences in past submissive behavior.
Motivation to Avoid Social Interaction
People with avoidance personality disorder avoid other people due to social anxiety and perceptions of the self as inadequate (Kantor, 2003) . Such symptoms are malleable, however, rather than entirely dispositional (Leary, 1991) . As a second dependent measure, then, participants completed the avoidant personality disorder symptom scale of Hyler et al. (1988) , Arm-Crossing 11 which asks people to indicate their level of agreement (1 = very inaccurate; 5 = very accurate) with 7 statements consistent with fearful reasons for avoiding social interaction (e.g., "I am afraid to meet new people because I feel inadequate"). The scale is often used to assess avoidant symptoms and ratings were averaged (M = 2.79; SD = 0.81; alpha = .78).
Results and Discussion
Manipulation effects were first examined in one-way ANOVAs. Replicating Study 1, but in an experimental context, arm-crossers reported greater interpersonal submissiveness, here conceptualized in terms of an activated self-concept, F (1, 59) = 4.98, p = .03, partial eta square (PES) = .08 (see Table 1 for means and standard deviations). Further, avoidant thoughts and feelings were somewhat higher in the arm-crossing condition than in the control condition, F (1, 59) = 4.02, p = .05, PES = .06 (also see Table 1 ). We next sought to determine whether sex moderated these effects in two-way ANOVAs, one for each outcome. There were no main effects for sex and interactions involving sex were also non-significant, Fs < 1, ps > .35. By contrast, main effects for condition were significant (submissive self-concept), p = .03, or marginally significant (interpersonal avoidance), p = .053, in these follow-up ANOVAs. Beyond conceptual replication, the results of Study 2 provide experimental support for the idea that armcrossing leads people to see themselves as more submissive in their social behavior. In Study 3, we sought to extend this analysis to threat-related defensive strategies.
Study 3
Animal work supports the existence of two primary biobehavioral defensive strategies that can be labeled fight or flight (Fanselow, 1994) . These same two strategies are available to human beings who encounter strangers who might wish to harm them (Perkins, Cooper, Abdelall, Smillie, & Corr, 2010) . In Study 3, we investigated whether arm-crossing could shift Arm-Crossing 12 the nature of the strategy chosen and hypothesized that arm-crossing would activate a response mode favoring escape and disfavoring attack, relative to a control condition. We also hypothesized that the strategies chosen would be more generally avoidant (Perkins et al., 2010) in the arm-crossing condition. We examined these hypotheses using the same manipulation as Study 2 followed by a scenario-based assessment of defensive strategies.
Method
Participants, General Procedures, and Manipulation
Fifty-seven (33 female) undergraduates received course credit by their participation. The nature of the participant pool was identical to that described in Studies 1 and 2 and the general laboratory procedures were also the same. For example, participants arrived to the laboratory in groups of 6 or less, an experimenter told them they would complete several unrelated tasks, and the experimenter then seated the participants at personal computers in private cubicles. At this point, we manipulated arm crossing in the same way as in Study 2, using the same dominant hand cover story. Participants adopted the arm-crossing (versus control) gestures during a filler task and the experimenter then told them that this portion of the study was finished. Participants were now free to use both hands during the "next task", which consisted of a separate MediaLab program assessing preferred strategies for handling potential threats.
Escape, Attack, and Avoidant Defensive Strategies
Human beings engage in fight or flight defensive strategies when coping with the possibility of conspecific violence (Fanselow, 1994) . Such potential life-and-death situations are fortunately rare and are therefore modeled using scenario-based measures, particularly that of Blanchard, Hynd, Minke, Minemoto, and Blanchard (2001) . Each of the 12 scenarios involves the possibility of physical harm from another, albeit in the context of some ambiguity (e.g., "You Arm-Crossing 13 are alone as you exit an empty campus building late one night. Just as you get outside, you feel a hand grab your arm"). For each scenario, participants had to choose a preferred way of responding from among 6 options, including hiding, freezing, or attacking (Perkins et al., 2010) . 3 We were particularly interested in 2 of the 6 response options. We first quantified the number of times (across the 12 scenarios) that individuals would "attack or struggle" (M = 1.56; SD = 1.78). We then quantified the number of times that individuals would "run away, try to escape, remove self" (M = 3.65; SD = 2.11). We also computed a more general avoidance measure using the scoring procedures of Perkins et al. (2010) . For each scenario, the maximally avoidant strategies of running away and hiding were scored as +2, the intermediate strategy of freezing was scored as +1.5, and the approach-related strategies (e.g., attacking) were scored as +1 (Perkins et al., 2010) . We then quantified general avoidance by averaging across these scores for the 12 scenarios (M = 1.36; SD = 0.20).
Results and Discussion
We ran three one-way ANOVAs to examine the effects of the arm-crossing manipulation on the dependent measures. Following arm-crossing, participants preferred the escape option a greater number of times, relative to the control condition, F (1, 55) = 5.39, p = .02, PES = .09 (see Table 1 for means and standard deviations by condition). By contrast, control participants endorsed the attack option a greater number of times, F (1, 55) = 7.62, p = .01, PES = .12 (also see Table 1 ). The third ANOVA focused on the more general approach-avoidance score (Perkins et al., 2010) . As hypothesized, the preferred way of handling the scenarios was more avoidant in the arm-crossing condition than in the control condition, F (1, 55) = 6.16, p = .02, PES = .21, with scores reported in Table 1 . In sum, arm-crossing led people to envision greater avoidance when responding to potential interpersonal threats.
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We then performed a follow-up set of ANOVAs with the manipulation and sex as predictive factors. As might be expected, women endorsed escape strategies (M = 4.55; SD = 2.08) more often than men (M = 2.42; SD = 1.44), men endorsed attack strategies (M = 2.46; SD = 1.72) more often than women (M = 0.90; SD = 1.55), and there was also a sex difference for the general approach-avoidance score (males: M = 1.24; SD = 0.15; females: M = 1.45; SD = 0.18), Fs > 8.5, ps < .01. These sex differences were expected and are consistent with prior research on defensive strategies in men and women (e.g., Archer, 2004) . Importantly, though, the manipulation was equally effective among both sexes in that there were no Condition by Participant Sex interactions, Fs < 1, ps > .45, and the Condition main effects remained significant in these follow-up ANOVAs, ps < .02. The results of Study 3, then, significantly extend those of Study 2. Crossing one's arms not only activates avoidance-related thoughts of a social anxiety type (Study 2), but also activates a more escape-related mental strategy for handling possible interpersonal violence (Study 3).
General Discussion
People use barriers (e.g., locked doors) to protect their possessions. The body, too, sometimes needs to be protected and there is evidence that barriers are psychologically important in this context (Burris & Rempel, 2004) . Arm-crossing can be useful in protecting the vital organs of the chest cavity (Lewis, 2000) , which may in turn have led to co-opting this gesture as a sign and symptom of vulnerability and defense (Argyle, 1988; Fast, 1970) . We conducted three studies that supported this wariness-related interpretation of arm-crossing.
There are many bodily gestures that people can perform (Dael et al., 2012) and not all of them are likely to have psychological significance (Gifford, 1991) . Rather than simultaneously considering numerous gestures in a largely exploratory manner, it can be valuable to focus Arm-Crossing 15 squarely on one bodily gesture in a multi-study manner. We adopted this strategy and the findings suggest that arm-crossing may join a handful of other bodily gestures (e.g., a slumped posture: Riskind & Gotay, 1982; Stepper & Strack, 1993) for which there is a sufficient corpus of findings to encourage a continuous line of research.
We used a correlational design in Study 1 but the Study 1 findings should not be devalued for this reason. A correlational methodology is desirable in determining whether there are systematic differences between people who often cross their arms versus those who do not (Funder, 1995) . Furthermore, the arm-crossing questions did not ask about personality or social behavior, yet were informative along these lines. At least as a component of the package of studies, the Study 1 results highlight the social inhibition that is likely to characterize frequent arm-crossers. This nomological net should be expanded to other markers of social inhibition (Kagan, Reznick, Snidman, Gibbons, & Johnson, 1988) in future research.
An advantage of the Study 2 methodology, though, was that it permitted firmer causal conclusions. Random assignment to a condition requiring one to cross one's arms resulted in a more submissive view of the self in combination with greater wariness concerning others. These are characteristics of shyness and social anxiety (Leary, 1991) . There may be distinctions worth making here, however. For example, people can be socially inhibited either because of concerns about social evaluation or because of uncertainty (Jones, Briggs, & Smith, 1986) . These factors or influences might be worth disentangling in future research.
Even so, consider the results of Study 3. The scenarios involved uncertainty about personal safety rather than social-evaluative factors. That arm-crossing influenced responding to these scenarios suggests the operation of relatively basic processes of a threat-avoidance type.
Given this extension, in fact, one plausible idea is that arm-crossing can activate something like Arm-Crossing 16 the Behavioral Inhibition System (BIS: Gray, 1982) . Activation of this system would interact with context (social versus physical threat, magnitude of threat, whether escape is an option, etc.) to determine how defensive motivation manifests itself. Such a framework has the benefit of parsimony and it can also generate new predictions. For example, arm-crossing may bias the individual toward threatening interpretations of ambiguous stimuli (sensitivity) and toward greater emotional upset when unambiguous punishments are present (reactivity).
Additional Questions and Directions for Research
Through the use of scenarios, we could model how a person might behave in situations that would be impossible to instantiate in the laboratory. Additionally, behavioral intentions are excellent predictors of actual behavior (Ajzen, 2012) . Nevertheless, well-chosen behavioral measures would have value in extending the present results. As an example, our results suggest that a prior period of arm-crossing (procedures used in Studies 2 and 3) might lead people to subsequently sit further away from others when given a choice of seating.
Our studies highlight the consequences but not antecedents of arm-crossing. A social defense interpretation of arm-crossing does, however, make predictions concerning antecedents.
People should be more likely to cross their arms when they feel vulnerable and threatened. Some support for this idea comes from the crowding study of Baxter and Rozelle (1975) , but additional research would be valuable. It is intuitive to predict, for instance, that arm-crossing would increase in response to demeaning rather than affiliative behavior from a research confederate.
We added a temporal separation between the arm-crossing manipulation of Studies 2 and 3 and the dependent measures. This separation not only disguised the hypotheses, but also rendered it less likely that arm-crossing effects were due to gestural discomfort or momentary negative affect. Indeed, Friedman and Elliot (2008) found no effect of arm-crossing on Arm-Crossing 17 dependent measures of this type. Accordingly, the effects that we observed should probably not be ascribed to emotion-related factors.
In many cases, people have beliefs about the psychological significance of a gesture that are straightforward (e.g., that smiling signals happiness). Arm-crossing appears more complicated in relation to such beliefs. Gifford (1994) found that targets wrapping their arms for a greater proportion of time were rated as more submissive by observers. However, Carney, Hall, and LeBeau (2005) did not find perceived differences in arm-crossing frequency as a function of target status (e.g., boss versus subordinate). The latter null result could have occurred because different perceivers have different theories, some thinking that arm-crossing signals pride (Tracy & Robins, 2007) and others thinking that it signals defensiveness (Bull, 1983) . These subtleties of target perception could be explored in future research.
Our investigation sought to demonstrate and clarify the social significance of the armcrossing gesture rather than support any particular theory of embodied influence. Nevertheless, a brief discussion of mechanism may be useful. Zajonc and Markus (1985) favored a "hard interface" whereby some embodied manipulations may result in effects that are not cognitively mediated. This was not the case in the present studies because our manipulations activated thoughts consistent with submissiveness, avoidance, and escape. Manipulated body postures may instead exert an influence because people infer their attitudes on the basis of observing their own behaviors (Bem, 1972) . Incidental manipulations are thought to bypass such influences (Strack et al., 1988) , particularly in combination with the "two study" procedures that we used (Bargh & Chartrand, 2000) . We therefore follow Friedman and Elliot (2008) in thinking that crossing one's arms can unwittingly activate a motivated stance toward the environment. In social-interactive terms, this stance appears to be one of wariness and perceived vulnerability. 
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